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ALKYLATION OF AROMATIC 
COMPOUNDS 

This Invention relates to a process of 
alkylating benzene or substituted benzene with an 
alkylating agent having from two to eighteen carbon 
atoms using acidic nordenite zeolites as catalyst to 
2 produce aromatic compounds such as cumene, ethylbenzene 
and other alkylated benzenes, 

Cumene» also known as isopropylbenzene, is 
useful for the production of phenol, acetone and alpha* 
methyls tyrene, Ethylbenzene is useful in the production 
of styrene. Various processes for their manufacture are 
known. 

Various processing schemes comprising 
^2 alkylation and/or transalkylation are known to produce 
monoalkylaromatic products such as cumene or 
ethylbenzene in high yields. Up to now, basically only 
two types of processes are used in commercial practice; 
one of which is a liquid phase process using catalysts 
20 such as solid phosphoric acid or Friedel Crafts 

catalysts such as aluminum chloride or boron fluoride, 
the other one being a gas phase process using zeolite 
type catalysts, A major drawback of the liquid phase 
type processes is their negative impact on the 



environment, the solid catalysts being not regenerabl 
and thus are discarded as waste continuously or batch- 
wise depending on the particular process. A further 
drawback associated for example with the use of 
phosphoric acid catalysts is that generally the use of a 
water co-feed is required which produces a corrosive 
sludge byproduct. Major drawbacks of the zeolite 
catalyzed gas phase processes are the production of 
undesirable by-products and the relatively rapid 
deactivation of the catalyst. Examples of such 
byproducts produced in conjunction with cumene include: 
alkylating agent oligomers, heavy polyaromatic compounds 
and unwanted monoalkylated and dialkylated compounds 
such as n-propylbenzene, butylbenzenes and ethylbenzene; 
and in conjunction with ethylbenzene: the production of 
alkylating agent oligomers, heavy polyaromatic 
compounds, unwanted xylenes, toluene, butylbenzenes, 
cumene, and n-propyl benzene. 

It is known that aromatic hydrocarbons can be 
alkylated in the presence of acid-treated zeolite. U.S. 
Patent 4, 393 i 262 (1983) teaches that cumene is prepared 
by the alkylation of benzene with propylene in the 
presence of a specified zeolite catalyst. U.S. Patent 
3,140,253 (1964) and U.S. Patent 3,367,884 (1968) 
broadly teach the use of acid-treated mordenite for the 
alkylation of aromatic compounds. However, such alkyl- 
ations are generally not selective with respect to the 
number of substitutions. Further, catalysts are often 
quickly deactivated requiring timely and costly 
replacements or reactivation. 

European Patent Application No. 0366515 teaches 
a process for the production of at least an alkyl 
benzene wherein benzene is reacted with a charge 
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containing at least an aliphatic mono*olef in in the 
presence of a catalyst which is based on a dealuminated 
mordenite having a Si/Al atomic ratio between from 30 to 
80 (equal to a silica/alumina molar ratio of 60-160). 
At Sl/Al atomio ratios higher than 80 (i.e. 

^ silica/alumina molar ratio higher than 160) the catalyst 
activity is decreased, a conversion less than 
substantially 100 percent is achieved and the catalyst 
deactivates rapidly (see Example 2A}. The process may 

-IQ be performed in liquid, supercritical or gas phase over 
a fixed bed of catalyst. This reference further teaches 
a transalkylation step following the above-described 
alkylation step in order to optimize the overall yield 
of mono»alkylated benzenes » reacting a polyalkyl benzene 

15 fraction obtained in the alkylation step with benzene 
using a catalyst which is based on a dealuminated 
mordenite having a Si/Al atomic ratio between from 30 to 
80 (equal to a silica/alumina molar ratio of 60-160). 

20 European Patent Application No. 0402202 teaches 

substantially the same alkylation/transalkylation 
process as EP-03665159 only replacing in the alkylation 
step the dealuminated mordenite catalyst by a 
dealuminated I zeolite catalyst having a silica/alumina 

25 

molar ratio of between 8 and 70. By doing so it desires 
to improve the alkylation yield to mono-alkyl benzenes 
by reducing the proportion of polyalkyl benzenes formed. 

Important criteria which determine the 
feasibility of a process for the alkylation of benzene 
or substituted benzene > besides the above-mentioned 
criteria regarding environmental impact, low level of 
impurities which are difficult to remove from the 
process stream and /or to convert to desired products, 
activity and stability of the catalyst (decreased 



deactivation), include the following: the conversion 
based on the alkylating ag nt should be substantially 
100 percent in order to prevent expensive recycling of 
unconverted alkylating agent or loss of alkylating agent 
to flare; the selectivity towards the mono-alkylated 
benzene should be high; and the recycle of benzene or 
substituted benzene should be minimized as it is rather 
expensive and leads to larger quantities of impurities 
which are recycled to the alkylation reactor and passed 
over the catalyst. Minimizing the recycle of benzene or 
substituted benzene could be achieved by decreasing the 
molar ratio of benzene or substituted benzene to 
alkylating agent. However, it is known that the 
conventional zeolite type catalysts tend to deactivate 
under these conditions because of increased tendency of 
the alkylating agent to polymerize and because of the 
increased polyalkylation activity. Apart from catalyst 
deactivation this, moreover, would lead to a decreased 
selectivity towards the mono-alkylated benzene. 
Therefore, the main object of the conventional zeolite 
catalyzed processes was to optimize conversion of the 
alkylating agent and selectivity towards the mono- 
alkylated product in the alkylation step or process in 
itself. 

Surprisingly, It has now been found that by 
using a specific mordenite catalyst in combination with 
a relatively low molar ratio of benzene or substituted 
benzene to alkylating agent in a liquid phase process, 
an alkylation process is obtained having a low 
environmental impact, low levels of impurities which are 
difficult to remove from the process stream and/or 
difficult to convert to desired products, highly stable 
catalyst, substantially 100 percent conversion of the 
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alkylating agent, low benzene r substituted benzene 
recycle, a high seleativity towards the total of mono- 
alkylated products and dialkylated products, and a low 
selectivity towards the tri- and tetra-alkylated 
produots. This alkylation process is very suitable as a 
first step in an overall alkylation/transalkylation 
process to produce mono-alkylated benzenes or mono- 
alkylated substituted benzenes in a very high yield. 

Accordingly, the present invention provides a 
process pf alkylating benzene or substituted benzene 
comprising contacting the benzene or substituted benzene 
with an alkylating agent having from two to eighteen 
carbon atoms in the presence of a oatalyst comprising an 
acidic mordenite zeolite having a silica/alumina molar 
ratio of higher than 160:1 and a crystalline structure 
which is determined by X-ray diffraction to have a 
Symmetry Index of at least 1, under temperature and 
pressure conditions sufficient to keep the reaction 
mixture in the liquid phase, and the molar ratio of 
benzene or substituted benzene to alkylating agent is 
less than 3:1 and greater tham 1:1. 

The alkylation process according to the present 
25 invention provides a well«-balanced combination of low 
levels of undesired byproducts, a liquid phase process 
with relatively mild operating conditions, an active 
catalyst which provides at the low benzene or 
substituted benzene to alkylating agent molar ratios a 
conversion of the alkylating agent of substantially 100 
percent, and a high selectivity towards monoalkylated 
benzene and polyalkylated benzenes having the same alkyl 
substituent as in the desired monoalkylated product. 
The major product is the monoalkylated product, whereas 
the polyalkylated benzenes are primarily dialkylated 
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benzenes which may be easily converted in an optional 
subsequent transalkylation step. These advantages are 
achieved under conditions of low benzene or substituted 
benzene to alkylating agent ratios and substantially 
without increasing catalyst deactivation rate, which Is 
^ very surprising in view of the prior art. 

Any monocyclic aromatic compound may be 
alkylated by the process of this invention. The 
aromatic compound is preferably benzene or substituted 
benzene. Non-limiting examples of substituted benzenes 
which may be alkylated by the process of this invention 
include toluene, xylenes, phenol and aniline. In a 
preferred embodiment, benzene is the aromatic oompound 
which is alkylated. 

The aromatic compound may be used neat in a 
liquid state, or dissolved in a suitable solvent. 
Preferably, the aromatic compound is used in a neat 
liquid state. If a solvent is employed, any inert 
solvent which solubilizes the aromatic compound and does 
not hinder the alkylation reaction may be used. The 
preferred solvent is a saturated hydrocarbon. 

The alkylating agent used may be any aliphatic 
or cycloaliphatic olefin having from two to eighteen 
carbon atoms. Preferably an aliphatic olefin having 
from two to twelve carbon atoms is used and more 
preferably ethylene or propylene. 

The catalyst useful in the practice of this 
invention comprises an acidic mordenite zeolite having a 
silica/alumina molar ratio of at least 160:1, a Symmetry 
Index (SI) as defined hereinafter of at least about 1.0. 



The catalyst useful in this invention can be 
prepared by a process which comprises dealumination of a 
mordenite zeolite having a silica/alumina molar ratio 
less than 30:1 and a orystalllne structure which is 
determined by X«-ray diffraction to possess a Sjrmmetry 
Index (SI) of from about 0.5 to about 1.3 and more 
preferably of from about 0.7 to about 1*3 under con- 
ditions sufficient to remove an amount of alumina 
sufficient to provide a silica/alumina molar ratio of at 
least 160x1. 

Natural mordenite is an aluminoslllcate whose 
typical unit cell contents are assigned the formula 
Nas [(A102)8(S102)i|o*24 H20]« Mordenite is the most 
siliceous natural zeolite with a silicon/aluminum mole 
ratio (Si/Al) of about 5/1 • It has interconnecting 
twelve-^ring and elght«*rlng channels* The dimensions of 
the twelve-ring pores are about 6.7 X 7.0 A; the dimen-* 
sions of the eight-ring pores are about 2,9 X 5.7 A. 
The structure and properties of mordenite zeolite are 
described in Zeolite Molecular Sieves , by Donald W. 
Breok (John Wiley & Sons, 1974) , at pages 122-124 and 
162-1639 which Is incorporated herein by reference • 

The mordenite zeolite used to prepare the 
oatalyst of this invention may be selected from a 
mordenite zeolite typically containing cations of the 
alkali or alkaline earth metals, or alternatively ammo- 
nium ions. Depending upon the source of the raw 
materials employed in preparing the starting mordenite, 
the latter may contain varying amounts of metal ions 
other than the metal ions mentioned above. Mordenltes 
prepared from clays i for example i may contain 
significant amounts of iron, lesser amounts of cobalt, 
copper and nickel, and even lesser amounts of other 



transition elements and rare earths. Mordenites 
prepared from fumed silica, however, may contain only 
trace amounts of these extraneous metals, since fumed 
silica is generally quite pure. The metal ions of the 
above-mentioned metals, such as sodium, magnesium or 
calcium, which are often present in starting mordenite 
samples, may be present in trace amounts in the acidic 
mordenite catalyst of this invention. Preferably* the 
aoidlo mordenite zeolite material for the catalyst of 
the invention is prepared from a sodium mordenite 
zeolite; even more preferably, from a sodium mordenite 
zeolite having a Symmetry Index of from about 0.7 to 
about 1.3. The Symmetry Index is a dimenaionless number 
obtained from the X-ray diffraction pattern of the 
sodium mordenite being measured in the hydrated form. 
Standard techniques are employed to obtain the X-ray 
data. The radiation is the Kai line of copper, and a 
Philips Electronics spectrometer Is used. The mordenite 
zeolites exhibit an X-ray diffraction pattern whose 
diffraction peaks have d-spacings corresponding to those 
of crystalline mordenites as reported by J. D, Sherman 
and J. M. Bennett in "Framework Structures Related to 
the Zeolite Mordenite," Molecular Sieves ; J.W. Meier and 
J.B. aytterhoeven, eds.. Advances in Chemistry Series. 
121, 1973» PP« 52-65. The Symmetry Index is defined as 
the sum of the peak heights of the [111] (13.15, 29) and 
[241] (23,17 29) reflections divided by the peak height 
of the [350] (26.25 29) reflection. 

Four ordered crystalline structures have been 
proposed to describe the X-ray diffraction data avail- 
able for natural and synthetic mordenites. (J. D. 
Sherman and J. M. Bennett, op.eit, p. 53.) The 
symmetries of these four structures are Cmcm, Cmmm, 
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Imcm^ and Immm as these terms are defined by N. F. M* 
Henry and K. Lonsdale In International Tables for X*rav 
Crystallography * 3rd Ed., Volume 1, Kynoch Press (1969)* 
X-ray diffraction data indicate that mordenites are 
either physical admixtures or intergrowths of the Cmmm, 

^ Zmcm, or Immm structures with the Cmcm structure. ThuSi 
mordenites can be generally described as having a 
crystalline structure comprising a matrix of Cmcm 
symmetry having dispersed therein domains of Cmmm, Imom, 
or Immm symmetry, or mixtures thereof. Preferably, the 
mordenite starting material has a crystalline structure 
comprising a matrix of Cmcm symmetry having dispersed 
therein domains of Cmmm symmetry. The Symmetry Index is 
related to the symmetries of the crystals present in the 

15 mordenite sample. A Symmetry Index in the range from 
about 0.70 to about 1.3 provides the optimum sodium 
mordenite as starting material for the process of this 
invention. 

20 The crystallite size of the original sodium 

mordenite may be any size, but typically the crystallite 
size may be in the range from about 500 A to about 5000 
A. Preferably^ the crystallite size is in the range 
from about 500 A to about 2000 A; more preferably, from 
about 800 A to about 1500 A. Generally, the crystal-- 
lites form aggregates which may be used as such or bound 
into larger particles for the preparation of the 
catalyst to be used in the process of this invention. 

The original sodium mordenite zeolite described 
hereinabove, or its equivalent, is treated to obtain the 
catalyst of the invention for use in the alkylation 
process. Intergrowths of mordenite zeolite with other 
zeolites are also suitable starting materials. The 
treatment involves contacting the mordenite with acid. 
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In one preferred embodiment i the treatment involves con- 
tacting the mordenite with acid, calcining the acid- 
treated mordenite, and further contacting the calcined 
mordenite with strong acid. In an alternative preferred 
embodiment, the catalyst is prepared without being 
^ calcined « 

The initial acid treatment serves to remove 
most of the sodium ions, or their equivalents, from the 
original mordenite. The treatment may remove a portion 

^® of the aluminum ions as well. Inorganic acids and 
organic acids are suitable compounds from which the 
hydrogen ions are obtained for the acid treatment. 
Examples of such acids are hydrochloric acid, hydro- 
bromic acid, sulfuric acid, phosphoric acid, nitric 
acid, acetic acid, oxalic acid, and the like. Inorganic 
acids are the preferred source of hydrogen ions; with 
hydrochloric, nitric and phosphoric acids being more 
preferred and hydrochloric acid being most preferred. 

20 An equally acceptable initial treatment involves ion 

exchange with ammonium salts, such as ammonium chloride. 
By this method the sodium ions, or their equivalents, 
are removed, but the aluminum ions are not displaced. 
On heating the ammonium exchanged mordenite, ammonia is 

25 given off and the mordenite Is converted to the add 
form. 

Typically, in the initial acid treatment the 
original sodium mordenite is slurried with an aqueous 
solution of the acid. The acid solution may have any 
concentration, providing the catalyst obtained possesses 
the properties and activity of the catalyst of this 
invention, these being described hereinafter. 
Preferably, the concentration of the aqueous acid 
solution is in the range from about 0.0 IN to about 6N; 
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more preferably in the range from about 0.5N to about 
3«0N. The relative quantities of aqueous acid solution 
to mordenite solid which are employed may vary* Typi- 
cally 9 the ratio is less than about 15 co acid solution 
per gram mordenite solid. Preferably, the ratio is in 

^ the range from about 5 cc acid solution per gram mor- 
denite solid to about 10 cc acid solution per gram mor- 
denite solid. The temperature and the duration of the 
contact of the mordenite with the acid solution may also 
vary. Preferably, the mordenite is contacted with the 
acid at a temperature in the range from about 10°C to 
about lOO'^C. Generally » the contact time between the 
acid solution and the mordenite may vary from about 5 
minutes to about several hours. It is important that 

15 there be sufficient time for the acid solution to 

contact all of the mordenite particles. Preferably, the 
contact time is from about 5 minutes to about 60 min- 
utes. The acid extraction, as described herein, may be 
repeated if desired. Afterwards, the mordenite is 
washed in water one or more times in order to rinse away 
soluble species from the mordenite. Preferably, the 
water wash is carried out at ambient temperature. 
Optionally, subsequent to the water wash the mordenite 

22 is dried in air at a temperature in the range from about 
20*C to about ISO^'C. 

In one treatment, following the exchange with 
acid and drying in air, the acidic mordenite zeolite is 
calcined in air or heated in an inert atmosphere, such 
as nitrogen. It is believed that this heat treatment 
dislocates a portion of the aluminum from the mordenite 
framework; however, such a theory should not be taken as 
limiting of the scope of the invention. Preferably, the 
temperature of the calcination or heating is in the 
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range from about 300*0 to about 800°C. More preferably, 
the temperature is in the range from about SOO'C to 
about 750'C. Most preferably, the temperature is from 
about 6 sec to about TSO'C. 

5 After calcining the acid-treated mordenite 

described hereinabove, the mordenite is subjected to an 
additional acid treatment for the purpose of further 
dealumination. The second acid treatment comprises 
contacting the calcined mordenite with a strong acid 
under conditions sufficient to produce the acidic mor- 
denite catalyst of this invention. For the purposes of 
this invention a "strong" acid is defined as an acid 
which reacts essentially completely with the solvent to 
give the conjugate acid of the solvent. For example, if 
gaseous hydrogen chloride is dissolved in water, the 
acid-base reaction is complete to give the conjugate 
acid H3O+ and C1-. Preferably, the strong acid is an 
inorganic aoid. More preferably, the strong acid is 

20 nitric acid, hydrochloric acid, or sulfuric acid. Most 
preferably, the strong acid is nitric acid. The con- 
centration of the strong acid will vary depending on the 
acid selected. In general, the acid is employed in an 
aqueous solution of any concentration which provides for 
the extraction of aluminum from the calcined acidic 
mordenite, as described hereinafter. With nitric acid, 
for example, the concentration of the acid in the aque- 
ous solution is preferably in the range from about 2N to 
about 15N. More preferably, the concentration of the 
acid is in the range from about fN to about 12N. Most 
preferably, the concentration of the acid is in the 
range from about 6N to about 8N. The aqueous acid 
solution and the calcined mordenite are contacted in any 
ratio that provides the catalyst of the invention. 
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Preferably, the ratio of aqueous acid solution to mor- 
denite is in the range from about 3 cc acid solution per 
gram mordenite to about 10 cc acid solution per gram 
mordenite. More preferably, the ratio is about 5 cc 
acid solution per gram mordenite* The temperature and 
the duration of the contact may vary depending on the 
acid selected. Preferably, the mordenite is contacted 
with the acid solution at a temperature in the range 
from about ambient temperature taken as 22X to about 
ZZO^'C, More preferably, the mordenite and the acid are 
contacted at a temperature which allows for boiling of 
the aqueous acid under atmospheric conditions. 
Preferably, the duration of the contact is from about 1 
hour to about 6 hours? more preferably, from about 1 
15 hour to about 3 hours; most preferably, for about 2 
hours. When the contacting with strong acid is 
complete, the mordenite is filtered and washed repeat- 
edly with water until the washings are acid-free. 
Preferably, the washed mordenite is heat treated and 
contacted with strong acid more than once. Lastly, the 
washed acidic mordenite zeolite is dried for several 
hours at a temperature in the range from about lOtf'C to 
about 150*C to remove physically adsorbed water. The 
dried acidic mordenite is activated by heating for about 
2 hours at a temperature in the range from about SOO^'C 
to about 700**C. This activation may drive off more 
strongly bound water and any residual adsorbates. 



25 



30 



In an alternative embodiment, the original 
sodium mordenite is treated with acid and retreated with 
strong acid without the intermediate calcination step. 



The catalyst thus prepared exhibits special 
characteristics by which it may be identified, spe- 
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cifically, the silica/alumina molar ratio, the Symmetry 
Index and porosity as defined hereinafter. 

As a result of the acid extractions, the sil- 
ica/alumina molar ratio (Si02/Al203) of the acidic 
5 Bordenite catalyst is increased over that of the orig- 
inal sodium mordenite. Specifically, the acid-treated 
mordenite catalyst has a silica/alumina molar ratio of 
higher than 160:1. Preferably, the acid-treated 
mordenite catalyst has a silica/alumina molar ratio of 
"^^ at least 175:1. More preferably, the silica/alumina 
molar ratio is at least 190:1. Generally the 
silica /alumina molar ratio is not higher than about 
2500:1, more preferably not higher than about 1000:1. 

As a further result of the acid extractions 
and, optionally, calcination, the Symmetry Index of the 
mordenite catalyst is increased over that of the 
original mordenite. The Symmetry Index is as defined 
hereinbefore. Since the Symmetry Index is derived from 
X-ray data, the Index is related to the proportion of 
Cmcm, and Cmmm, Imcm, or Immm symmetries present in the 
catalyst. The increase in the Symmetry Index is 
indicative of the enrichment of the catalyst in the Cmcm 
component. Preferably, the Symmetry Index ranges from 1 
to about 2. 

A third property of the acidic mordenite 
catalyst, by which it is identified, is the porosity. 
30 All mordenites possess pores which form as a natural 
consequence of mordenite crystal growth. Hew pores or 
modifications of existing pores can occur on treating 
the mordenites, for example, with heat or acid as in the 
process of this invention. Typically, pores are 
classified into micropores, mesopores and macropores. 
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For the purposes of this invention a micropore is 
defined as having a radius in the range from about 3 
Angstrom units OA) to 10 A. Likewise, a nesopore is 
defined as having a radius in the range from 10 A to 100 
A, while a maoropore is defined as having a radius from 

^ 100 A to 1000 A. After calcination and strong acid 
treatment » the acidic mordenite catalyst of this 
invention possesses micro- > meso- and macropores* The 
porosity of the oatalyst may be distinguished by the 
total pore volume defined as the sum of the volumes of 
the micro- 9 meso-* ^d macropores per gram catalyst « A 
catalyst of this invention has a total pore volume suf- 
ficient to provide a high yield of the desired 
monoalkylated benzene with relatively low levels of 

15 polyalkylated products and low levels of impurities. 
Preferably 9 the total pore volume is in the range from 
about 0.18 cc/g to about 0.45 cc/g. The porosity may be 
further distinguished by the relative distribution of 
meso- and macropores , as found in the ratio of the 
combined meso- and macropore voltime to the total pore 
volume. A catalyst of this Invention has a ratio of 
combined meso- and macropore volume to total pore volume 
sufficient to provide a high yield of the desired 

25 monoalkylated aromatics with relatively low levels of 
polyalkylated products and low levels of impurities. 
Preferably t the ratio of the combined meso- and 
macropore volume to total pore volume is in the range 
from about 0.25 to about 0.75. 

30 

The measurement of the porosity, described 
hereinabove, is derived from surface area and pore 
volume measurements of mordenite powders obtained on any 
suitable instrument, such as a Quantachrome Digisorb-6 
unit, using nitrogen as the adsorbate at the boiling 
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point of nitrogen, 77 K. The total pore volume (Vt) is 
derived from the amount of nitrogen adsorbed at a 
relative pressure close to unity. It is accepted that 
this volume constitutes pores of less than 1000 k in 
radius. Pores with radius in the 10 A to 1000 A range 

5 are known in the literature as "transitional pores." 
The micropore volume (Vjn) in the presence of 
"transitional pores" is obtained by the t-method. The 
difference between the total pore volume and the 
micropore volume is the transitional pore volume, 
(V^ = Vf-Vm). The cumulative pore distribution in the 
transitional pore range is used to calculate the 
relative volume contributions of mesopores and macro- 
pores. For example, the mesopore volume is calculated 

15 by multiplying the transitional pore volume by the 

fraction of the cumulative pore volume from 10 A to 100 
A» (Tne = V^fne)' "^^^ macropore volume is then simply 
obtained by subtracting the mesopore volume from the 
transitional volume, (V„a = Vt-Vne)- This approach 

2° ensures that the equation = Vn,+Vme+Vn,a is satisfied. 
The adsorption isotherms obtained for the mordenite 
catalysts of this invention are of Type I, which are 
described by the Langmuir equation. The Langmuir sur- 
face area is obtained from such equation. The methods 
used to obtain surface areas and pore volumes are 
described by S. Lowell in Introducti on to Powder Surface 
Area (John Wiley and Sons, 1979) t or in the manuals 
provided with the Digisorb-6 instrument made by the 

30 Quantachrome Corporation. 

The acidic mordenite catalyst used in the 
process of the invention is capable of adsorbing 
biphenyl into the intracrystalline pore system, and 
conversely desorbing biphenyl. Biphenyl adsorption is 



wo 93/00317 



-17- 



FCT/US>yi/U4418 



10 



effected by exposing the acidic mordenite to biphenyl 
vapors at 100*^0 for a time sufficient to obtain near 
constant weight. Preferably, the adsorption capacity of 
the acidic mordenite for biphenyl is at least about 5 
weight percent. More preferably, the capacity is about 
10 weight percent. Biphenyl desorption is effected by 
heating the mordenlte-blphenyl sample In a dynamic 
helium atmosphere from 25^C to about lOOO^C at a heating 
rate of about lO'^C /minute. The desorption of biphenyl 
may be followed experimentally by thermal gravimetric 
analysis combined with gas phase chromatography and mass 
spectrometry (TGA-GC-MS). It is found that weakly 
adsorbed biphenyl produces a weight loss at temperatures 
below about 300**C; whereas, strongly adsorbed biphenyl 
15 produces a weight loss at temperatures from about BOO^'C 
to as high as lOOO^C. The amount of strongly adsorbed 
biphenyl is estimated by subtracting the amount of 
weakly adsorbed biphenyl from the total amount of 
biphenyl desorbed from the sample* A fully treated 
mordenite catalyst of this invention exhibits a sharp 
weight loss at temperatures below about 300^0, and 
little or no weight loss from 300*C to lOOO'^C. In 
contrast, acid-exchanged mordenite exhibits a sharp 
25 weight loss at temperatures below about 300''C, and a 

second weight loss starting at about 300^0 and extending 
to lOOO^'C. It is believed that the weakly adsorbed 
biphenyl is located in sites from which there is 
relatively easy exit; whereas the strongly adsorbed 
30 biphenyl is located in sites from which there is rela- 
tively difficult exit. Thus, the acidic mordenite 
catalyst of this invention provides easy access and 
egress to adsorbed biphenyl. Such a theory, however, 
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should not be construed t be binding or limiting of the 
scope of the invention. 

The catalysts useful in the process of this 
invention can be used as such in aggregate form, 
partiole form, or extrudate form. The extrudate form 
may be obtained, for example, by compressing the 
aggregates or particles into binderless particles of 
suitable sizes. Alternatively, the extrudate can be 
made via use of binders well-known to those in the art. 

The catalysts useful in the process of this 
invention nay comprise an inert binder. Preferably i as 
inert binder silica Is used. The binder may comprise 
between about 0 and 90 weight percent of the bound 
catalyst composition. Preferably, the binder comprises 
between about 5 and 70 weight percent, more preferably 
between about 5 and HQ weight percent. 

An additional characteristic of the catalyst is 
its minimal deactivation in the alkylation of benzene or 
substituted benzenes. In the process of the present 
invention, the catalyst remains active for long periods 
of use, which is quite surprising under the specified 
conditions. 

The catalysts useful in the process of this 
invention is not sensitive to small amounts of water 
which may usually be present in benzene or substituted 
benzene. Accordingly, the benzene or substituted 
benzene reactant does not have to undergo a drying 
treatment, which is another advantage of the present 
process. 

In the alkylation reaction of the present 
invention, the catalyst, should it show any 
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deactlvation, may be regenerated by burning off the 
carbonaceous deposits. This may be effected by leading 
an oxygen-containing gas over the catalyst at a 
temperature of 400-700 ^C. Preferably a gas stream 
containing between about 1 and 30 percent oxygen is 
passed over the catalyst at 500-600 ^C. 

The ratio of the benzene or substituted benzene 
to catalyst may be any weight ratio which produces the 
desired monoalkylated benzene with a relatively high 
selectivity the dialkylated benzene being the major 
byproduct 9 whereas low level of tri- and tetra- or 
higher polyalkylated products are achieved as well as a 
low level of other impurities. Preferred ratios will 
also be dependent on the way the process is operated. 
For example f in a continuous mode of operation the 
weight hourly space velocity (WHSV) of the overall feed 
with respect to catalyst is preferably in the range from 
about 0.5 to about 100. More preferably t the WHSV is in 
the range from about 0.5 to 20. 

The molar ratio of benzene or substituted 
benzene to alkylating agent is less than 3:1 and greater 
than 1:1. Preferably, the ratio of benzene or 
25 substituted benzene to alkylating agent is between about 
1.7:1 and about 2.9i1» more preferably between about 
2.0s1 and about 2.7: 1« 

The benzene or substituted benzene and 
30 alkylating agent may be introduced to the reactor or 
reaction zone as separate feeds or as combined feeds. 
Further f either the benzene or substituted benzene and 
the alkylating agent may be introduced to the reactor or 
reaction zone as a single feed stream or split into a 
plurality of feed streams which are introduced into the 
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reactor at different 1 cations. In the latter case, at 
least one of the subsequent streams is introduced into 
the main feed stream after the reactants therein have at 
least partially reacted. For example, in a reactor 
containing one or more fixed catalyst beds, a subsequent 

5 stream is introduced after the main stream has passed at 
least one catalyst bed or a portion thereof, and before 
the main stream enters a further catalyst bed or a 
portion thereof. In the process of the present 
invention preferably a plurality of catalyst containing 
reaction zones in fluid connection in series is used, 
wherein the whole of the benzene or substituted benzene 
is delivered to a first reaction zone, and a series of 
fractions of alkylating agent are delivered respectively 

15 to the first reaction zone and between each pair of 
contiguous reaction zones. The reaction zones may be 
operated with the same or different alkylation catalyst 
and at the same or different temperature and WHSV. More 
preferably, two to twenty catalyst containing reaction 
zones are used emd a corresponding number of alkylating 
agent streams. Operating the process in this way has 
been found to increase the selectivity towards the 
monoalkylated product, compared to supplying the whole 

2g of the alkylating agent to the (first) reaction zone. 
Furthermore, by feeding the alkylating agent as a series 
of fractions, a better control of the reaction 
temperature is possible for this exothermic reaction. 
Alternatively or additionally, the reaction zoneCs) may 

30 be cooled by conventional means. 

The contacting of the benzene or substituted 
benzene with the alkylating agent in the presence of the 
catalyst may occur in a reactor of any configuration. 
Batch-type and continuous reactors, such as fixed bed. 



slurry bed, fluldized bed, catalytic distillation, or 
countercurrent reactors, are suitable configurations for 
th contact. Preferably , the reactor is a continuous 
reactor. 

The process of the invention is carried out 
under conditions sufficient to keep the reaction mixture 
in the liquid phase. This means that substantially no 
gaseous zone is present in the reactor. With 
substantially no gaseous zone is meant, that the gaseous 
zone comprises at the most 5 percent by volume of the 
reaction zone, preferably at the most 1 percent by 
volume* Most preferably, the reactor is operated in a 
liquid full mode. The presence of a substantial gaseous 
zone could lead to an accumulation of the alkylating 
agent therein, which under the prevailing conditions 
would poljrmerize. This in its turn would lead to a 
decrease in selectivity and to an increase in 
deactivation of the catalyst. The benzene or 
substituted benzene may be in the molten, liquid form or 
in solution. The alkylating agent may be introduced in 
the liquid or gaseous state, and should substantially 
dissolve in the liquid phase. The catalyst may be used 
in various forms i such as a fixed bed, moving bed, 
fluldized bed, In suspension in the liquid reaction 
mixture, or in a reactive distillation column. 

The contacting of the reactstnts in the presence 
of the catalyst may occur at any temperature and pres- 
sure conditions sufficient to keep the reaction mixture 
in the liquid phase. Typically, the temperature is in 
the range from about lOO^C to about 300''C. These 
temperatures are relatively mild for zeolite catalyzed 
type alkylation processes. Below this lower limit of 
lOO^C the reaction proceeds slowly. In one preferred 
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mode of the pres nt process benzene is contacted with 
propylene as alkylating agent and the temperature is in 
th range from about 120"C to about 250'C. In another 
preferred mode benzene is contacted with ethylene as 
alkylating agent and the temperature is in the range 
5 from about 170°C to about 280'C. 

The pressure in the reactor may be any pressure 
sufficient to keep the reaction mixture as a liquid 
under reaction conditions. The required pressure will 
change depending on temperature and reactants employed. 
Preferably, the pressure in the reaotor is in the range 
from about 10 bar to about 200 bar. More preferably, 
the pressure is in the range from about 20 bar to about 
100 bar. 

Following the alkylation of the benzene or 
substituted benzene, the product mixture may be 
separated by standard techniques. The desired 
monoalkylated products, such as for example oumene or 
ethylbenzene, are separated from the starting materials 
and byproducts by techniques known in the art such as 
distillation. Normally, when using a distillation 
sequence as separation technique, the benzene or 

25 substituted benzene starting material may be obtained as 
a first fraction, which may partially be recycled to the 
alkylation step and /or partially be fed to an optional 
subsequent transalkylation step. As a second fraction 
in the distillation sequence substantially pure 

3° monoalkylated product may be recovered. A third 

fraction may be separated which contains polyalkylated 
benzene or polyalkylated substituted benzene products 
and heavies and by-products like for example dlphenyl 
alkanes. Alternatively and preferably a third fraction 
is collected containing primarily dialkylated products 
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and optionally tri- and/or tetra-alkylated products. 
This latter third fraction, preferably containing no 
tetra-alkylated products, may be fed to a subsequent 
transalkylation step. 

5 According to a further aspect of the invention, 

a polyalkylated benzene or polyalkylated substituted 
benzene fraction separated from the reaction product of 
the alkylation process as described hereinbefore is 
subjected to a transalkylation step by contacting the 
polyalkylated benzene or polyalkylated substituted 
benzene fraction with benzene or substituted benzene in 
the presence of a suitable transalkylation catalyst to 
produce monoalkylated benzene or monoalkylated 

^2 substituted benzene. 

The polyalkylated benzene or polyalkylated 
substituted benzene fraction obtained in the alkylation 
process of the present invention comprises a major 

20 potation of the dialkylated product and minor portions of 
the tri-> and optionally but less preferably tetra- and 
higher polyalkylated products. As dialkylated products 
generally act as transalkylating agent under milder 
conditions than the higher-alkylated products this 

25 fraction is a very suitable transalkylating agent for 
the benzene or substituted benzene in the 
transalkylation step. 

In the transalkylating step the polyalkylated 
30 benzene or polyalkylated substituted benzene fraction 
preferably is contacted with benzene or substituted 
benzene in the presence of a catalyst comprising an 
acidic mordenite zeolite having a silica/alumina molar 
ratio of at least 50s 1. This transalkylation catalyst 
may be any prior art acidic mordenite zeolite having a 
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silica/alumina molar ratio of at least 50:1 and having 
transalkylation activity. 

It is preferred, however, that the catalyst 
used in the transalkylating step additionally has a 

5 crystalline structure which is determined by X-ray 

diffraction to have a Symmetry Index of at least 1. The 
overall selectivity of monoalkylated product achieved in 
the alkylation-transalkylation process of the present 
invention, based on the benzene or substituted benzene 

'^^ used, is very high, preferably at least 97 mole percent 
and more preferably at least 99 mole percent. Thus an 
overall process is obtained having a relatively low 
amount of recycled benzene or substituted benzene, 
combined with substantially 100 percent conversion of 
the alkylating agent and a very high selectivity of 
monoalkylated product. Preferably, the catalyst used in 
the transalkylating step has a Symmetry Index of between 
1 and about 2. This transalkylation catalyst shows 

20 little or no deactivation and is capable of converting 
compounds like diphenyl alkanes, such as for example 
diphenyl ethane, which are produced in the alkylation 
process as undesired byproducts, to the desired 
monoalkylated products, optionally in a separate 

^5 diphenyl alkane conversion step. It is surprising that 
also diphenyl alkane is converted to monoalkylated 
product and benzene as this is no transalkylation in the 
usual meaning. Different from a transalkylation 
reaction, this conversion requires an additional 
hydrogen atom. 

It is preferred that the catalyst used in the 
transalkylating step has a silica/alumina molar ratio of 
between 50:1 and about 500:1. The transalkylation 
catalyst may comprise an inert binder. Binders known to 
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be us ful with mordenlte zeolite catalysts, such as for 
example silica , are useful for this purpose. The binder 
may comprise between about 0 and 90 weight percent of 
the bound catalyst composition • Preferably, the binder 
comprises between about 5 and 70 weight percent, more 
preferably between about 5 and 40 weight percent « In a 
most preferred embodiment, the binder is silica. 

In a continuous mode of operation the WHSV of * 
the transalkylation feed with respect to catalyst is 
preferably in the range from about 0.1 to about 100* 
More preferably, the HHSV is in the range from about 0.1 
to 20. 

In the transalkylating step the molar ratio of 
the total of benzene groups, present in the benzene or 
substituted benzene and in the polyalkylated benzene or 
polyalkylated substituted benzene fraction, to the total 
of alkylated groups on the polyalkylated benzene or 
polyalkylated substituted benzene is preferably at least 
1.5:1. In case of a lower ratio the selectivity to the 
monoalkylated product is decreased. More preferably the 
molar ratio is from about 2:1 to about 4:1. 

The benzene or substituted benzene and 
transalkylating agent may be Introduced to the reactor 
or reaction zone as separate feeds or as combined feeds. 
Further, either the benzene or substituted benzene and 
the transalkylating agent may be introduced to the 
30 reactor or reaction zone as a single feed stream or 
split into a plurality of feed streams which are 
introduced into the reactor at different locations. In 
the transalkylation process of the present invention 
preferably a plurality of catalyst containing reaction 
zones in fluid connection in series is used, wherein the 
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whole of the benzene or substituted benzene is delivered 
to a first reaction zone, and a series of fractions of 
transalkylating agent are delivered respectively to the 
first reaction zone and between each pair of contiguous 
reaction zones. Operating the process in this way would 
increase the selectivity towards the monoalkylated 
product compared to supplying the whole of the 
transalkylating agent to the (first) transalkylation 
reaction zone« 

The contacting of the benzene or substituted 
benzene with the transalkylating agent in the presence 
of the catalyst may occur in a reactor of any configura- 
tion. Batch-type and continuous reactors, such as fixed 
bed, slurry bed, fluidized bed, catalytic distillation, 
or countercurrent reactors, are suitable configurations 
for the contact. Preferably, the reactor is a 
continuous flow reactor. 

The transalkylation step of the Invention is 
preferably carried out under conditions sufficient to 
keep the reaction mixture in the liquid phase. Most 
preferably, the reactor is operated in a substantially 
liquid full mode. The benzene or substituted benzene 
and the transalkylating agent may be in the molten, 
liquid form or in solution. The catalyst may be used in 
various forms, such as a fixed bed, moving bed, 
fluidized bed, in suspension in the liquid reaction 
mixture, or in a reactive distillation column. 

The contacting of the reaotants in the presence 
of the catalyst may occur at any temperature and 
pressure conditions sufficient to keep the reaction 
mixture in the liquid phase. Typically, in the 
transalkylation the temperature is in the range from 
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about 140^C to about 300^C. These temperatures are 
relatively mild for zeolite catalyzed type 
transalkylation processes. In one preferred mode of the 
present transalkylation step a polyisopropylated benzene 
fraction as the polyalkylated benzene fraction is 
contacted with benzene and the temperature is in the 
range from about 140^C to about 250^C, In another 
preferred mode a polyethylated benzene fraction as the 
polyalkylated benzene fraction is contacted with benzene 
and the temperature is in the range from about 200''C to 
about 300''C« 

The pressure in the reactor may be any pressure 
sufficient to keep the reaction mixture as a liquid 
under reaction conditions « The required pressure will 
change depending on temperature and reactants employed. 
Preferably t the pressure in the reaotor is in the range 
from about 10 bar to about 200 bar. More preferably, 
the pressure is in the range from about 20 bar to about 
100 bar. 

The transalkylation stept when performed in the 
presence of the preferred transalkylation catalyst, does 
not require the addition of hydrogen to the 
transalkylation feed. Prior art transalkylation 
processes are frequently carried out in the presence of 
hydrogen in order to remove carbonaceous deposits from 
the catalyst in order to limit deactivation thereof. In 
view of the minimal deactivation of the preferred 
transalkylation catalyst in the present process, no 
addition of hydrogen is required. 

The catalyst, should it show any deactivation 
after extensive periods of use, may be regenerated by 
burning off the carbonaceous deposits. This may be 
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ffeoted by leading an oxygen-containing gas over the 
catalyst at a temperature of i»00-700"C. Preferably a 
gas stream containing between about 1 and 30 p rcent 
oxygen is passed over the catalyst at 500-600'C. 

5 An additional factor that is important is the 

presence of various impurities in the product. Even 
very small amounts of certain impurities such as 
n-propylbenzene or propylene oligomers in the case of 
cumene, or xylenes in the case of ethylbenzene, create 
significant problems in various applications. Processes 
run under different conditions result in different 
levels of impurities. Thus, a particular advantage of 
the overall alkylation-transalkylatlon process of the 
present invention is the low impurity levels. In the 
case of cumene production, low levels of oligomers as 
indicated by low bromine index is also important. In 
cumene production, the bromine index is preferably bo 
greater than about 100, more preferably no greater than 

20 about 50 and most preferably no greater than about 20. 
Cumene produced by the process of this invention 
preferably contains less than about 1000 parts per 
million (ppm) impurities, more preferably less than 
about 200 ppm. Ethylbenzene produced by the process of 

25 this invention preferably has less than about 200 ppm 
xylene impurities, more preferably less than about 100 
ppm. 

Specific Embodiments 

30 

The following examples are given to illustrate 
the catalyst and the process of this invention and 
should not be construed as limiting its scope. All 
percentages in the examples are mole percent unless 
otherwise indicated. In all the experiments a 
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continuous flow fixed catalyst bed type reactor was 
used. 

Example 1 - Catalyst Preparation 

2 Alkylation catalysts A-1 and A-2 are prepared 

from Na-mordenite having a Si02/Al203 ratio of 19 and a 
Symmetry Index of about 1.2 according to substantially 
the same procedure. The Na-mordenite is ion-exchanged 
to remove sodium, then calcined. The product is leached 

10 with HCl to give a H-mordenite having a Si02/Al203 ratio 
of about 220 (catalyst A-1) and 196 (catalyist A-2). The 
H-mordenite is next pelletized with 20 percent silica 
binder* Finally, the pellets are calcined at 750^C. 
The other characteristics of the catalysts aret catalyst 
A-1: Symmetry Index of 1.85; BET of 389 m2/g; total pore 
volume of 0.37^ ml/g; micro pore volume of 0.156 ml/g; 
meso pore volume of 0.140 ml/g; macro pore volume of 
0.078 ml/g; and meso macro pore volume/ total pore 

2Q volume of 0.58. For catalyst A-2i Symmetry Index of 
1.98; BET of 392 m2/g; total pore volume of 0.384 ml/g; 
micro pore volume of 0.158 ml/g; meso pore volume of 
0.135 ml/g; macro pore volume of 0.091 ml/g; and meso -i- 
macro pore volume/ total pore volume of 0.59. 

25 

Transalkylation catalyst T-1 is prepared in a 
procedure similar to that of Catalyst A->1 using a 
starting sodium mordenite having a Si02/Al203 ratio of 
about 15 and a Symmetry Index of about 1.0. It is 
30 exchanged with 1.0 N HCl to remove sodium and 

subsequently washed and calcined at SOO'^C for 2 hours. 
Then it is extracted under reflux conditions with 6 N 
HCl for 2 hours, washed and dried at IIO^C, to give a 
Si02/Al203 ratio of about 81. This dealuminated 
mordenite is then mixed with 20 weight percent silica 
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binder and calcined at 700X to give a catalyst with a 
Symmetry Index of 1.42; a benzene adsorption capacity of 
13.7 perc nt (w/w); a BET of 382 m2/gj a total pore 
volume of 0.341 ml/g; a macro pore volume of 0.156 ml/g; 
and a meso + macro pore volume/ total pore volume of 
0.54. 

Catalysts A-1, A-2 and T-1 are determined by X- 
ray diffraction to have Cmcm symmetry having dispersed 
therein domains of Cnmm symmetry. 

Example 2: Alkvlation of Benzene with E thylene 

A feed stream of benzene and ethylene having a 
benzene to ethylene mole ratio of 2.22 is subjected to 
alkylation over catalyst A-2 at 250°C and a pressure of 
36 bar. The WHSV of the feed stream is about 1. The 
reactor effluent contains 24.9 weight percent 
ethylbenzene, 58.0 weight percent benzene, 13.5 weight 
percent diethylbenzene (m-diethylbenzene, 8.48 percent; 
p-diethylbenzene 4.06j o-dl ethylbenzene, 0.94 percent), 
and 3.30 weight percent triethylbenzene. No xylenes are 
observed. The ethylene conversion is 100 percent. The 
benzene conversion is 31 percent. The catalyst has high 
stability after 250 continuous hours of operation. 

Example 3: Alkvlation of Benze ne with Ethylene 

A feed stream of benzene and ethylene having an 
overall benzene to ethylene ratio of 2.27 is subjected 
to alkylation over catalyst A-1 at 220OC and a pressure 
of 50 bar. The WHSV of the feed stream is about 1. The 
ethylene feed is split in two parts: 50 percent of the 
ethylene is fed to the reactor inlet and 50 percent is 
introduced at half of the catalyst bed. The conversion 
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of ethylene is 100 percent. The conversion of benzene 
is 33 percent. The reactor effluent contains 27*3 wt 
percent ethylbenzene, 57 « 9 wt percent benzene > 12.6 wt 
percent ortho-- -i- ineta«- para*- diethylbenzenes, 1.8 wt 
percent triethylbenzene and 0.05 wt percent 
tetraethylbenzenes* No xylenes are observed. The 
catalyst has a high stability. The catalyst shows 
essentially no deactivation after over 600 hours of 
continuous use. 

Example 4: Alkylation of Benzene with Ethylene 

A feed stream of benzene and ethylene having an 
overall benzene to ethylene ratio of 2.63 is subjected 
to alkylation over catalyst A-1 at 240^0 and a pressure 
of 50 bar. The WHSV of the feed stream is about 2, The 
ethylene feed is split in two parts: 50 percent of the 
ethylene is fed to the reactor inlet and 50 percent at 
half of the catalyst bed. Conversion of ethylene is 100 
percent. The conversion of benzene is 31 percent. The 
reactor effluent contains 26.1 wt percent ethylbenzene, 
61.6 wt percent benzene, 10.6 wt percent ortho- ^ meta* 
4* para-diethylbenzene, 1.4 wt percent triethylbenzene 
and 0.04 wt percent tetraethylbenzene. No xylenes are 
observed. The catalyst shows essentially no 
deactivation after over 500 hours of continuous use. 

Example 5: Transalkylation of , Benzene with 
Polyethylbenzenes 
30 

A feeds tream of 65.2 wt percent benzene, 29.8 
wt percent meta + ortho + para- diethylbenzene, 1.5 wt 
percent triethylbenzenes and 2.5 wt percent ethylbenzene 
having an overall benzene groups to ethylene groups mole 
ratio of 2.2 is subjected to transalkylation over 
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catalyst T-1 at 235^0 and a pressure of 36 bar. The 
WHSV of the feed stream is about ^. The catalyst has a 
very high stability and shows essentially no 
deactivation after 3000 hours of continuous use. The 
conversion of diethylbenzenes is 68 percent. The 
^ conversion of triethylbenzenes is 15 percent. The 

selectivity of polyethylbenzenes to ethylbenzene is 97 
percent. 

Example 6: Transalkvlation of Benzene with 
Polvethvlbenzene 

A feedstream of 69.6 wt percent benzene, 26.5 
wt percent meta- ortho- ^ para-ethylbenzene » 1.4 wt 
percent triethylbenzene and 2.5 wt percent ethylbenzene 
having an overall benzene groups to ethylene groups mole 
ratio of 2.5 is subjected to transalkylation over 
catalyst T-1 at 260oc and a pressure of 36 bar. The 
WHSV of the feedstream is 2.7. The effluent contains 
2Q 32.2 wt percent ethylbenzene. Conversion of the 

diethylbenzenes is 7^ percent. The catalyst shows no 
deactivation after 500 hours of continuous use. 
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WHAT IS CLAIMED IS: 

U A process of alkylating benzene or 
substituted benzene comprising contacting the benzene or 
substituted benzene with an alkylating agent having from 
two to eighteen carbon atoms in the presence of a 
catalyst comprising an acidic mordenite zeolite having a 
silica/alumina molar ratio of higher than 160:1 and a 
crystalline structure which is determined by X-ray 
diffraction to have a Symmetry Index of at least 1, 
under temperature and pressure conditions sufficient to 
keep the reaction mixture in the liquid phase» and the 
molar ratio of benzene or substituted benzene to 
alkylating agent is less than 3:1 and greater than 1:1. 

2* The process of Claim 1 wherein the catalyst 
has a silica/alumina molar ratio of at least 175:1. 

3. The process of Claims 1-2 wherein the 
catalyst has a Symmetry Index from 1 to about 2* 



4, The process of Claims 1-3 wherein the 
20 catalyst comprises an inert binder. 

5. The process of Claim 4 wherein the inert 
binder is silica binder. 
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6. The process of Claims 1-5 wherein the molar 
ratio of benzene or substituted benzene to alkylating 
agent is between about 1.7:1 and about 2.9s 1. 

7. The process of Claim 6 wherein the molar 
ratio of benzene or substituted benzene to alkylating 
agent is between about 2.0:1 and about 2.7:1. 

8. The process of Claims 1-7 wherein a 
plurality of catalyst containing reaction zones in fluid 
connection in series is used, wherein the whole of the 
benzene or substituted benzene is delivered to a first 
reaction zone, and a series of fractions of alkylating 
agent are delivered respectively to the first reaction 
zone and between each pair of contiguous reaction zones. 

9. The process of Claim 8 wherein two to 
twenty catalyst containing reaction zones are used and a 
corresponding number of alkylating agent streams. 

10. The process of Claims 1-9 wherein the 
temperature is in the range from about lOO'C to about 
300'C. 

11. The process of Claims 1-10 wherein benzene 
is contacted with propylene as alkylating agent and the 
temperature is in the range from about lao'C to about 
250'C. 

12. The process of Claims 1-10 wherein benzene 
is contacted with ethylene as alkylating agent and the 
temperature is in the range from about 170'C to about 
280^0. 
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13 • The process of Claims 1-12 wherein the 
pressure is ia the range from about 10 bar to about 200 
bar. 

14. The process of Claim 13 wherein the 
pressure is in the range from about 20 bar to about 100 
bar. 

15. The process of Claims 1^14 wherein a 
polyalkylated benzene or polyalkylated substituted 
benzene fraction separated from the reaction product of 
the alkylation process of Claims 1*14 is subjected to a 
transalkylation step by contacting the polyalkylated 
benzene or polyalkylated substituted benzene fraction 
with benzene or substituted benzene in the presence of a 
suitable transalkylation catalyst to produce 
monoalkylated benzene or monoalkylated substituted 
benzene. 

16. The process of Claim 15 wherein in the 
transalkylating step the polyalkylated benzene or 
polyalkylated substituted benzene fraction is contacted 
with benzene or substituted benzene in the presence of a 
catalyst comprising an acidic mordenite zeolite having a 
silica/alumina molar ratio of at least 50:1. 

17* The process of Claims 16 wherein the 
catalyst used in the transalkylating step has a 
crystalline structure which is determined by X-ray 
diffraction to have a Symmetry Index of at least 1 . 

18. The process of Claim 17 wherein the 
catalyst used in the transalkylating step has a Symmetry 
Index of between 1 and about 2. 
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19. The process of Claim 16-18 wherein the 
catalyst used in the transalkylating step has a 
silica/alumina molar ratio of between 50:1 and about 
500i1. 

20. The process of Claims 16-19 wherein the 

5 catalyst used in the transalkylating step comprises an 
inert binder. 

21. The process of Claim 20 wherein the inert 
binder is silica. 

10 

22. The process of Claims 16-21 wherein in the 
transalkylating step the molar ratio of the total of 
benzene groups, present In the benzene or substituted 
benzene and in the polyalkylated benzene or 

^5 polyalkylated substituted benzene fraction, to the total 
of alkylated groups on the polyalkylated benzene or 
polyalkylated substituted benzene is at least 1.5»1. 

23. The process of Claims 16-22 wherein in the 
transalkylating step the temperature is in the range 
from about IHCC to about 300''C and the pressure is 
sufficient to keep the reaction mixture in the liquid 
phase • 

25 24 , The process of Claims 16-23 wherein in the 

transalkylating step a polyisopropylated benzene 
fraction as the polyalkylated benzene fraction is 
contacted with benzene and the temperature is in the 
range from about 140'C to about 250*C. 

25. The process of Claims 16-23 wherein in the 
transalkylating step a polyethylated benzene fraction as 
the polyalkylated benzene fraction is contacted with 
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benzene and the temperature is in the range from about 
20O'C to ab ut 300'C. 
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